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Editorial

Genital papillomaviruses, polymerase chain reaction
and cervical cancer

The epidemiological profile of cervical cancer sug-
gests strongly that this is a sexually transmitted
disease and that the aetiological agent is a genital
pathogen. At one time or another almost every
sexually transmitted pathogen has been implicated as
the oncogen (often without any substantial evidence),
but at the present time the genital papillomaviruses
(HPVs) are the favoured candidates' and their claim
is supported by two principal lines of evidence. The
first is the demonstration that 80-90% (using South-
ern blotting) of invasive cancers of the cervix contain
HPV DNA sequences of the other so-called
oncogenic types, predominantly HPV 16 (which is
present in about 50% of lesions) HPV 18 or 31, 33,
35.`'5 Viral sequences are present in the malignant
cells; these sequences are transcribed and viral
proteins are expressed.67 Cervical intra-epithelial
lesions also contain HPV DNA with the oncogenic
types occurring in high frequency in high grade
CIN's.89 The evidence that these viral DNAs may be
more than passengers comes from in vitro studies
which show that HPV 16 or HPV 18 DNA when
transfected into normal human genital keratinocytes
can immortalise or transform these cells,'1-4 a
phenomenon observed hitherto in keratinocytes only
with the experimental DNA tumour virus SV 40.
There is however no clear epidemiological evi-

dence supporting an aetiological role for HPV in
cervical cancer and this relates in part to our
ignorance of the natural history of HPVs and the
difficulties encountered in determining the pre-
valence of HPV infection. These viruses cannot be
grown in tissue culture, and thus the identity of
authentic viral antigens is uncertain, prohibiting
both serological classification and the use of serology
in epidemiological studies. The viruses are classified
on the basis ofDNA sequence homology and hitherto
"infection" has been determined by the detection in
clinical samples of viral DNA using hybridisation
technologies such as Southern blot, dot blot, filter in
situ (FISH) or tissue in situ (for review see reference
15). Southern hybridisation is accepted as the "gold
standard" methodology capable of quantitating viral
copy number and providing, under conditions of
high stringency, type specificity and a sensitivity

such that 0.1-1 viral genome per cell can be iden-
tified. It is, none the less, unsuitable for epidemio-
logical studies since it is expensive, labour intensive
and relatively large tissue volumes are required for
analysis. Studies on prevalence have used less
laborious technologies such as FISH or dot blot but
these have problems of specificity and sensitivity and
almost certainly have underestimated the prevalence
ofHPV DNA.'5
The polymerase chain reaction (PCR)'6 has been

welcomed enthusiastically since this technology
seems to be ideal for large population surveys provid-
ing an assay of high sensitivity and specificity for the
detection ofHPVDNA in cervical smears or swabs.'7
Furthermore the technique can be used on paraffin
embedded tissue allowing retrospective studies on
the huge amounts of archival material.'8 PCR is a
gene amplification technology capable of amplifying
specificDNA sequences in an impure sample in vitro
within hours. This ability to generate millions of
copies of a specific nucleotide sequence gives PCR
enormous sensitivity and one copy ofHPVDNA can
be detected in 10' cells, a sensitivity at least 104
greater than Southern blotting.'9 The PCR is based
upon the repetitive cycling of three simple reactions
all ofwhich occur in the same test-tube. The first step
is the denaturation of native DNA, at high tem-
perature, into single strands which can then re-
anneal with any other complementary DNA
sequence under the appropriate conditions. In the
second step synthetic oligonucleotide primers com-
plementary to the 5' and 3' ends of the target DNA
sequence are annealed to these complementary
sequences. The specificity of the PCR derives from
the precision of this DNA-DNA annealing reaction.
Primer design is crucial; the primers must not anneal
to one another and their sites of annealing must be
significantly distant to allow the subsequent synth-
esis ofnew products. In the third step the synthesis of
a complementary second strand of new DNA occurs
by the extension of each annealed primer by DNA
polymerase. This cycle ofevents is then repeated and
in each ensuing cycle all previously synthesised
products act as templates for new primer extension
leading to massive amplification of the original target
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sequences. Clearly any errors in sequence introduced
during in vitro synthesis will be amplified and in vitro
mutation is a potential hazard in this technique.
Ironically, however, the cause of most of the
problems encountered in using this technique is the
extraordinary sensitivity of the PCR. Since the PCR
can detect one molecule of "foreign" DNA in 105
cells then the procedure is very vulnerable to
accidental contamination and this is particularly so
when, for example, cloned HPV DNA is being
manipulated in the same working environment as
clinical samples are being assayed by PCR for HPV
DNA. To avoid these problems laboratories must
implement special working procedures;202' primer
design and the selection of appropriate positive and
negative controls are crucial and validation of results
by sensitive hybridisation techniques is essential.
Data from studies using PCR to determine the

prevalence ofHPV in normal and neoplastic cervical
tissue have been published recently'9 22-30 and at
the latest International Papillomavirus workshop
(Heidelberg, May 1990) more than 60 presentations
concerned the use of PCR in HPV detection in the
cervix. Basically three messages can be culled from
the mass of information. HPV DNA sequences are
present in 80-100% of cervical cancers, HPV 16 is
the type most frequently present and there is little
disagreement between the data obtained from cancer
biopsies using PCR and that using hybridisation.
HPV DNA sequences are present in 60-90% ofhigh
grade CIN; HPV 16 is the type most frequently
present but "unknown" HPVs are detected by PCR
in a proportion (maximum 10-15%) of cases. There
is wide disparity between the results from several
groups using PCR to determine the prevalence of
HPV infection in women with normal cervical
cytology and this is particularly so with respect to the
prevalence of HPV 16. Very high rates of cervical
infection with HPV 16, 60-80%, in women with
normal cervical cytology have been reported in the
literature. 22-24 Similar estimates were given in
Heidelberg by several groups from India, Australia,
USA and UK. In contrast Manos and colleagues26
have published much lower and widely differing
prevalence rates forHPV 16 in three separate popula-
tions, 0% in Californians attending Planned
Parenthood, 11% in women presenting for annual
routine gynaecological examination at the University
of Mexico health clinic and 22% in women present-
ing to the University of Washington student health
clinic. Van den Brule et al (1990)28 in a Dutch study
found only 8% ofnormal women with HPV 16DNA
in cervical swabs; similarly low estimates were re-
ported by many groups from Scandinavia, France
and the USA at the Heidelberg meeting.
There are several possible explanations for these

wide disparities. PCR is vulnerable to accidental
contamination and high numbers of false positives

are a hazard when using this technique.3' The design
of the detection primer sets has differed in different
studies and this may be important. The incorpora-
tion of anti-contamination primers into the assays
has been shown to reduce the number of false
positives significantly2729 bringing the rates for
detection found by PCR to the same range as those
determined by hybridisation. Anti-contamination
primers` are mixtures of primers of the common
HPVs 6, 11, 16, 18, 33 with the oligonucleotide
sequences designed to flank the plasmid cloning sites
to prevent amplification of contaminating cloned
HPV types. In the best PCR studies which have been
reported concensus primers, those located in the
highly conserved regions of the HPV genome, L1
and E1 are used to detect HPV DNA sequences.
Type specific PCR is then used to type the HPVs in
these samples and it is here that anti-contamination
primers are so useful in eliminating or reducing
contamination from cloned HPV used in that
laboratory. Of course any lab using concensus
primers to do large scale epidemiological studies may
then run the risk of contamination from novel HPV
DNA amplified from one sample round in the next
set of samples and contamination primers cannot be
designed unless the sequence of the contaminating
DNA is known. This is a possible explanation for the
rather high detection rate by PCR ofnovel uncharac-
terised HPVs. Those studies which reported high
prevalence of HPV 16 DNA and did not use anti-
contamination primers should be re-evaluated. The
prevalence of infection with HPV 16 and other HPV
types may be, of course, genuinely different in
different geographic locations, in differing social
classes and in different age groups all ofwhich would
be of crucial importance in determining the role of
HPV infection in cervical neoplasia. However, this
cannot be evaluated until reliable data are available
on the prevalence ofHPV, and in particular HPV 16,
in the genital tract. At the present time the PCR is the
best technique with which to determine the pre-
valence of HPV DNA in large scale population
studies but standardised and agreed methodologies
which are also quantitative will have to be employed
in well designed and controlled studies if the results
are to be meaningful.
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